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^ (57) Abstract: A radiation detector comprises a boron-doped diamond substrate ( 10) having an overlayer (12) of diamond epitaxially 
^ grown on surface (14) of the substrate (10). The top surface (16) of the layer (12) is provided with an interdigitated electrode array 
^ (18) in electrical contact therewith. 
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DIAMOND RADIATION DETECTOR 



BACKGROUND OF THE INVENTION 

This invention relates to a radiation detector. 

Diamond can be used to respond electrically to radiation which penetrates only 
a small distance (e.g. less than 10^im) into diamond, such as alpha particles 
and electromagnetic radiation with a wavelength of less than approximately 
220nm, e.g. ultra-violet and soft X-rays. Current diamond detectors for such 
radiation consist of a thin layer of diamond, generally about 1 to 20Q|im in 
thickness of as-grown diamond, either free-standing or a non-diamond 
substrate such as a silicon substrate. Typically, the growth surface of the thin 
layer will be patterned with an interdigitated electrode array. 

Diamond is a wide band gap semiconductor and at room temperature it is. 
under normal circumstances, an electrical insulator. For a pure diamond to 
conduct, electrons must be promoted from the normally full valence band to 
the normally empty conduction band, creating electron-hole (e-h) pairs; this 
occurs when radiation such as gamma-rays, X-rays, ultra-violet light, alpha 
particles and beta particles impinges on the diamond. If there is an electric 
field across the diamond, the carriers will move and a current, the 
photocurrent, will flow. The size of the photocurrent for a particular diamond 
will depend on the type and intensity of the radiation and it will flow until the e-h 
pairs recombine. 
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The charge carriers which are produced by the radiation are typically collected 
by the interdigitated electrode array on the growth surface of the layer. 

US Patent 5,216,249 describes a neutron detector comprising a layer of 
polycrystalline diamond material deposited by chemical vapour deposition, the 
diamond material containing sufficient amounts of 10 B as a dopant to optimise 
the neutron detection characteristics of the detector. 

SUMMARY OF THE INVENTION 

According to the present invention, a radiation detector, particularly for 
radiation such as gamma-rays ! X-rays, ultra-violet light, alpha particles and 
beta particles, comprises an overlayer of diamond grown on a surface of a 
boron-doped diamond substrate. 

The substrate is boron-doped diamond and may be polycrystalline or single 
crystal in nature. The diamond may be natural or synthetic diamond in which 
the boron doping is achieved by ion implantation, by introduction into the 
growth capsule in a high pressure/high temperature synthesis or naturally. 
The diamond may also be produced by chemical vapour deposition (CVD) in 
which event the boron doping will generally be achieved during synthesis of 
the diamond. The boron atoms may be in substitutional or interstitial positions 
in the diamond lattice. The boron content of the boron-doped diamond will 
typically be in the range 10 17 to 10 21 boron atoms per cm 3 . 

The boron-doped diamond substrate will typically have a thickness of 0,1 to 
2mm. 

The radiation detector has an overlayer of diamond which is produced 
epitaxially on a surface of the boron-doped diamond substrate. The diamond 
of the overlayer will have a grain size comparable with .that of the substrate. 
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Thus, if the boron-doped diamond of the substrate has a grain size of 20 to 
50^im the grain size of the diamond of the overlayer will be 20 to 50|.im. The 
thickness of the diamond overlayer will typically be in the range 1um to 500|am, 
preferably in the range 3\xvd to 50jam. 

The overgrown diamond layer may also preserve some of the crystalline 
features of the substrate and thus be, for instance, of larger grain size than a 
layer of the same thickness grown on a non-diamond substrate. 

The overgrown diamond will preferably be grown by CVD. Methods of 
depositing diamond on a substrate by CVD are now well established and have 
been described extensively in the patent and other literature. Where diamond 
is being deposited on a substrate, the method generally involves providing a 
gas mixture which, on dissociation, can provide hydrogen or a halogen (e.g. 
F.Cl) in atomic form and C or carbon containing radicals and other reactive 
species, e.g. CH X . CF X wherein x can be 1 to 4. In addition oxygen containing 
sources may be present, as may sources for nitrogen, and for boron. In many 
processes inert gases such as helium, neon or argon are also present. Thus, 
a typical source gas mixture will contain hydrocarbons C x H y , wherein x and y 
can each be 1 to 10, halocarbons C x Y y Hal 2 wherein x, y and z can each be 1 to 
10, optionally one or more of the following: CO,C0 2 , 0 2 , H 2 , N 2t NH 3 , B 2 H 6 , and 
an inert gas. Each gas may be present in its natural isotopic ratio, or the 
relative isotopic ratios may be artificially controlled; for example hydrogen may 
be present as deuterium or .tritium, and carbon may be present as 12 C or 13 C. 
Dissociation of the source gas mixture is brought about by an energy source 
such as microwaves, lasers, RF energy, a flame, or a hot filament, and the 
reactive gas species so produced are allowed to deposit onto a substrate and 
form diamond. 
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In one preferred form of the invention, the surface on which the CVD diamond 
overlayer is grown is a polished surface. The surface may be polished to a low 
roughness, for example, an RA (or centre line average) of less than 30nm. 
With such a polished surface, the overlayer will have a much lower as-grown 
roughness than one grown on a rough surface. 

In use, the radiation detector will typically include a first electrical contact 
applied to the overlayer. and a second electrical contact applied to or in 
electrical contact with the substrate. 

Further according to the invention, a method of detecting or measuring 
radiation includes the steps of providing a radiation detector of the type 
described above and exposing a surface of the diamond overlayer to the 
radiation. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing illustrates a schematic view of an embodiment of a radiation 
detector of the invention. 

DESCRIPTION OF EMBODIMENTS 

An embodiment of the invention will now be described with reference to the 
attached drawing which is a schematic view of a radiation detector. Referring 
to this drawing, a boron-doped CVD diamond substrate 10 has a thin, high 
quality, overlayer 12 of diamond epitaxially grown using CVD on surface 14 of 
the substrate 10. The surface 14 may be a polished surface. The boron 
content of the substrate 10 will typically be in the range 10 1, to 10 2! boron 
atoms per cm 3 . The overlayer 12 will have a grain size comparable with that of 
the substrate. 
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The top surface 16 of the layer 12 is provided with an interdigitated electrode 
array 18 in electrical contact therewith. The array 18 comprises a plurality of 
electrodes 20. A back surface contact 22 is provided on the substrate 10 and 
is connected to earth. The interdigitated electrode array 16 is connected to a 
current or charge-measuring system through a suitable isolation circuit 
(represented schematically in the drawing as a capacitor 24). 26 indicates the 
bias voltage. 

In use, radiation to be detected impinges on the thin, high quality layer 12. E-h 
pairs are produced and these separate under the influence of the external bias 
voltage. A current is induced in the external circuit which is measured by the 
current or charge-measuring system. The magnitude of the current/charge 
gives a measure of the radiation intensity. 

In a second embodiment (not illustrated), an interdigitated electron array is 
fabricated on the surface of the high quality layer 12. One set of electrodes is 
biased to a voltage of between -1000 V and +1000 V and the second set is 
connected to earth. In use, radiation to be detected impinges on the thin, high 
quality layer 12. E-h pairs are produced and these separate under the 
influence of the external bias voltage. A current is induced in the external 
circuit which is measured by the current or charge-measuring system. The 
magnitude of the current/charge gives a measure of the radiation intensity. 

The radiation detector described and illustrated has several advantages over 
prior art diamond detectors. First, the large grain size of the overgrown layer 
gives better performance. Second, the number of single grains bridging the 
gap between adjacent electrodes in the interdigitated electrode array is 
increased. This leads to an increase in the signal amplitude for a given 
radiation intensity. Third, the substrate, being electrically conductive, can be 
used as the back electrode. Fourth, the defect density in the overgrown layer 
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is lower due to the large grain size of that layer. Fifth, the detector is 
considerably more robust. 

The invention is further illustrated by the following example. 
Example 

A boron-doped diamond layer with dimensions 4,5 x 4,5 x 0,8mm and a 
measured surface roughness. R a , of less than 30nm was shown by SIMS to 
contain a uniform distribution of boron at a level of 10 19 atoms/cm 3 . This was 
used as a substrate for the overgrowth, by means of CVD ; of a high purity 
diamond layer with thickness 80jim. The substrate, with overgrown diamond 
layer, was processed to produce a product with a thin high quality layer with 
thickness lOjam and R a < 30nm on top of the boron-doped substrate. SIMS 
profiling showed that no boron could be detected on the high purity side of the 
interface. The final dimensions of the product were 4,5 x 4,5 x 0,8'1mm. The 
structure was found to be useful as a radiation detector in an arrangement as 
illustrated by Figure 1. 
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CLAIMS 

1. A radiation detector comprises an overlayer of diamond grown on a 
surface of a boron-doped diamond substrate. 

2. A radiation detector for use in detecting radiation selected from gamma 
rays, X-rays, ultra-violet light, alpha particles and beta particles. 

3. A radiation detector according to claim 1 or claim 2 wherein the boron- 
doped diamond is polycrystalline or single crystal in nature. 

4. A radiation detector according to any one of the preceding claims 
wherein the boron-doped diamond is CVD diamond. 

5. A radiation detector according to any one of the preceding claims 
wherein the boron content of the boron-doped diamond is in the range 
10 17 to 10 21 boron atoms per cm 3 . 

6. A radiation detector according to any one of the preceding claims 
wherein the diamond of the overlayer has a grain size comparable with 
that of the substrate. 

7. A method according to any one of the preceding claims wherein the 
boron-doped diamond of the substrate has a grain size of 20 to 50j.im, 
and the diamond of the overlayer has a grain size of 20 to 50j.im. 

8. A radiation detector according to any one of the preceding claims 
wherein the boron-doped diamond substrate has a thickness of 0.1 to 
2mm. 
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9. A radiation detector according to any one of the preceding claims 
wherein the thickness of the diamond overlayer is to SOO^im. 

10. A radiation detector according to any one of the preceding claims 
wherein the thickness of the diamond overlayer is 3 to 50jAm. 

11. A radiation detector according to any one of the preceding claims 
wherein the diamond of the overgrown layer is grown by a CVD. 

12. A radiation detector according to claim 11 wherein the CVD diamond 
overlayer is grown on a polished surface. 

13. A radiation detector according to claim 12 wherein the polished surface 
has an RA of less than 30nm. 

14. A method of detecting or measuring radiation includes the steps of 
providing a diamond detector according to any one of the preceding 
claims and exposing a surface of the overlayer to the radiation. 

15. A radiation detector substantially as herein described with reference to 
the accompanying drawing. 

16. A method of detecting or measuring radiation substantially as herein 
described with reference to the drawing. 



WO 01/69285 



1/1 



PCT/IB01/00348 



ca -r 



co 



'eg 



-C 




o 

CN 



CM 



CM 

o 



INTERNATIONAL SEARCH REPORT 



li atlonal Application No 

PCT/IB 01/00348 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01T1/26 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01T 



Documentation searcned other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ol data base and. where practical, search terms used) 

EPO-Internal, WPI Data, INSPEC, PAJ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 479 625 A (DE BEERS IND DIAMOND) 
8 April 1992 (1992-04-08) 
cited in the application 
abstract 



1-4, 

9-11, 

14-16 



column 


2, 


line 


7 - 


• line 40 


column 


3, 


line 


31 


- line 50 


column 


4, 


line 


30 


- line 43 



figures 

EP 0 582 397 A (CRYSTALLUME) 
9 February 1994 (1994-02-09) 
abstract 

line 5 - line 39 
line 15 - line 23 



column 4, 
column 5, 
figures 
column 6, 
column 9, 
column 10, 



line 13 - line 27 
line 16 - line 33 
line 32 - line 45 



-/-- 



E 



Further documents are listed in the continuation of box C. 



ID 



Patent tamilv members are listed in annex. 



0 Special categories of cited documents : 

'A" document defining the general state ot the art which is not 

considered to be of particular relevance 
■(=■ earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

*P' document published prior to the international filing date but 
later than the priority date claimed 



■T' later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&• document member of the same patent family 



Dale ot the actual completion of the international search 

27 Ouly 2001 



Date ot mailing ot the international search report 

06/08/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax; (+31-70) 340-3016 



Authorized officer 



Datta. S 



Form PCT/lSA/210 (sacono sheet) (July 1S&21 



page 1 of 2 



INTERNATIONAL SEARCH REPORT i 

I u ational Application No 



! PCT/IB 01/00348 

J 



C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Caiegory - 


Citation ot document, with indication. where appropriate, ot the relevant passages 


Relevant to ctaim No. 


A 


WO 97 00456 A (IMPERIAL COLLEGE ;HASSARD 
JOHN FRANCIS (GB); GODDARD ANTONY JOHN H) 
3 January 1997 (1997-01-03) 
abstract 

page 3, line 22 -page 4, line 14 
page 5, line 31 -page 7, line 35 
figures 


1-5,12, 
14-16 



Form PCT «SA'2l0 iconlmuaiion ot second shoot) (July 19921 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family memoefs 



ational Application No 

PC 77 IB C 1/00348 



Patent document 




Publication 




Patent tamity 


Publication 


cited in search report 




date 




member(s) 


date 


CD n A 7QCOC 


A 


no r\/i i QQO 


AT 




IS Ulri"5 








AU 


644218 B 


02-12-1993 








AU 


8559491 A 


09-04-1992 








DE 


69111960 D 


14-09-1995 








0E 


69111960 T 


08-02-1996 








JP 


5150051 A 


18-06-1993 








US 


5216249 A 


01-06-1993 








ZA 


9107955 A 


24-06-1992 


EP 0562397 


A 


09-02-1994 


NONE 




WO 9700456 


A 


03-01-1997 


AU 


6009696 A 


15-01-1997 



Form PCT/lSA/210 (patent family annex ) (July t992) 



